Abstract
INTRODUCTION
During the Canadian Expedition to Study the Alpha Ridge (CESAR), 28 sediment cores were successfully recovered from the central Arctic Ocean. These cores include the first piston cores taken specifically for sedimentological study of the bathyal Arctic Ocean region. Previous sedimentological studies of this region (Herman, 1974; Clark, 1977 ; Clark et al. , 1980) had to rely on cores taken primarily for geophysical studies; hence, many of these cores were disturbed by sampling or desiccation prior to the commencement of the sediment studies (Clark, 1982) . The purposes of this report are to provide the fol lowing data on the fresh Arctic Ocean sediment cores: 1) a detailed account of the field and laboratory methods used to obtain, curate and sample the CESAR cores; 2) a description of the lithofacies and their regional correlation; and 3) initial paleoecological interpretion of the lithofacies.
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METHODS

Field operations
During CESAR, both piston and gravity coring were possible because the necessary equipment could be transported to the ice camps by C-1 30 Hercu les aircraft. All CESAR piston cores were obtained from the main ice camp; CESAR gravity cores were obtained from both the main camp and the remote camp.
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In order to obtain piston cores from the ice platform, in -40°C weather, several modifications of the normal shipboard coring procedures had to be adopted. The required equipment modifications and operational procedures are described in detail by Jodrey and Heffler ( 1985) . Aspects of the coring operations that affected the quality and length of core recovery are outlined below.
The piston corer was constructed from two or three I Oft (3. Im) Bent hos core barrels connected by an adapter to a 1200lb (545kg) Alpine core head in order to meet the 550kg weight handling restrictions of the camp and transport facilities. Coring was performed using a standard Benthos splitpiston system. Because of the limited size of the hole (I. 8 x 1.2 x 2m) that could be kept open for access through the ice, initially a shortened (0.Sm) trip arm was used for the trigger weight. CESAR cores 1-3 were obtained with this system: however, the trigger weight frequent ly became tangled aro und the main cable and a core head was lost on the fourth attempt. Thereafter, a standard trip-arm length of I .Orn was used for all piston coring. This usually resulted in full corer penetration but the piston a lways advanced about 60cm above the core sediment and usually less than 3/4ths of the core barrel was filled. A damaged piston valve also reduced the quality of core recovery at sites 2-7; a new valve could not be installed until after recovery of CESAR core 10.
Handling and storage of piston cores on CESAR also presented problems due to the confined lab space and very low outdoor temperatures ( -40° to -10°C) . A few sections of CESAR cores 1-6 were lost during derigging operations because of problems during initial attempts to keep the core barrels in a vertical position. The core liners were cut into I .Sm sections and stored vertically in a heated area to prevent freezing and subsequent loss of detailed sediment structure. This procedure was generally successful and freezing only affected small sections of 2 cores: CESAR core 102, at LOcm depth and CESAR core 3, at depths of 110, 130, and 570cm . During transport from the ice camp, the cores were stored vertically in narrow wooden crates and loaded upright into an aircraft cargo-hold which was heated to above freezing. Table 6 .1 lists the locations of the core sites, water depths, and lengths of the sediment recovered. Location of the core sites was controlled by two main logistical con- straints: a) the random direction and speed of the ice ca?1p drift, and b) the time required for setting up the conng operation and re-rigging the corer. The loss of t~e c~re head delayed sampling between sites 3 an~ 4 , and con_ ng time was also limited by other demands on winch operation and personnel. Rigging and lowering of the corer took 12 hours and the maximum repetition rate for piston coring was one per 24 hours. The locations of the 16 piston core sites and 14 gravity core sites are shown in Figures 6.1and6.2 . It should be noted that the water depths for the core sites were measured using echo sounder records corrected for an estimated water sound velocity of l.47km.s-1 ; the depths have maximu~ errors of ea. ± IOOm. Navigational positioning was determined from four Marconi-761 receivers and is accurate to ±20m.
Laboratory procedures
The crates of CESAR cores were transported to the Atlantic Geoscience Centre (AGC) core facilities where they have been curated and stored in a 4°C refrigerated room . From late June through July 1983 , all the cores were split, photographed in colour, X-radiographed, and visually described. At all times during these procedures, great care was taken to avoid contamination of the cores by contact with metal tools or by dust, and to prevent drying or cracking_ of the sediments. The unsplit core liners were first engraved with the core number and length on 2 sides at the top end. The core liners were then placed in a steel tray to which a precision adjustable router blade was attached, and shallow grooves were cut along the two opposite sides of the core length. The
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---· --- grooves were carefully cut through with a metal blade, then the sediment was split in half by drawing nylon line down the grooves. Immediately after separation of the two core halves, sediment surfaces were covered by thin transparent plastic wrap. One core half was designated as the archive core and this was immediately enclosed in heavy plastic tubing, labelled, and stored in sealed, labelled D-tubes on horizontal racks in the refrigerated room. Wherever possible during the examination and subsequent sampling of the working core halves , care was taken to leave the thin plastic wrapping over the core surface. When not in use, the working halves were stored in the refrigerator in plastic tubing and D-tubes , as described above for the archive cores. Figure 6 .3 shows the total length of the CESAR piston cores and their composite section lengths as recovered in the field. By the time of core splitting and description, however, many of the sediment sections were slightly shorter (ea. l-4cm) due to dewatering and settling. According to AGC core description procedures , the core lengths were measured and logged in the laboratory by setting the top of the sediment in section I as Ocm and by assuming continuity between the sediment at the base of each section and the sediment surface at the top of the adjoining section (i.e. disregarding the presence of small empty sections at the tops of some core liners). This procedure should be carefully noted by all persons who wish to re-examine or sample the CESAR cores. It should also be noted that the field numbering system, which logged the cores as CESAR 83 -001 to CESAR 83-211 was systematically changed in the laboratory to the shorter format of CESAR 1 to CESAR 211.
Because of the irreplaceable value of the CESAR cores and the need to carry out detailed multidisciplinary chronostratigraphic, sedimentological, biostratigraphic and geochemical studies on sediments with very slow deposition rates (average ea. Imm per !OOO years according to studies of USGS ice island cores by Clark et al., 1980) , a systematic sampling routine had to be carefully determined. This system (Fig. 6.4 ) was designed to ensure that the sediments were not disturbed or contaminated by sampling tools prior to high resolution paleomagnetism studies (see Aksu, 1985) , or for CESAR 6, prior to geochemical studies of the laminated sediments.
CENOZOIC SEDIMENTS
Introduction
All except one of the CESAR cores , viz. CESAR 6 , contained soft brown muds similar to those described by Clark et al. (1980) and by Herman (1974 ) . Although the precise maximum age and paleoenvironmental interpretation of these sediments is presently uncertain (compare Herman, 1983, and Clark, 1982) , there is unanimous agreement that these sediments are of late Cenozoic age. Clark et al. ( 1980) have also demonstrated that there is a strongly correlatable down-core sequence of 13 sediment units present in about 500 USGS cores collected over a 400,000km 2 area of the Canada Basin, including the southern crest of Alpha Ridge. For the sake of inter-regional comparison between CESAR 64 cores and those from other parts of the Canada Basin, we adopted the following procedures for describing the CESAR cores:
1. David L. Clark (U . Wisconsin) visually examined all the CESAR cores when they were split and he delimited those lithofacies which probably correspond to the thirteen units , A-M, in the USGS cores described by Clark et al. (1980) . 2. In this report, we have tried to use Clark's sedimentological criteria and nomenclature for the lithostratigraphic summaries, although our preliminary studies suggest that some of Clark's units should be redefined to better reflect mesoscale sedimentary structures and to clarify the definition of boundaries between lithofacies. Since Clark's visit in June 1983, a more detai led description of 48 USGS cores from the eastern Alpha Ridge has been published (Minicucci and Clark, 1983) , which defines sever.al new lithostratigraphic units in order to facilitate correlation between these cores and those obtained earlier from the Chukchi Rise and western Alpha Ridge. Lithological units in four CESAR cores which have been sampled at l-2cm intervals for magnetostratigraphic , lithostratigraphic , and biostratigraphic studies , appear to correspond more closely to Minicucci and Clark's (1983) redefined lithofacies. The details of the lithofacies in these 4 CESAR cores are described in the following section, but much more study is required before the lithofacies in all the CESAR cores can be defined and correlated precisely. Therefore, the summary diagram and descriptions in this report will mainly continue to use the generalized lithostratigraphic system of Clark et al. ( 1980) .
Piston cores CESAR 14 and 15
These two piston cores were selected for detailed study because they appeared to contain the least disturbed and most complete lithological sequences. Both cores were obtained from a relatively small (ea. 5km wide), gently sloping basin or terrace extending from 1345-1425m on the northeastern margin of Alpha Ridge. Seismic profiles at these sites (see Jackson, 1985) show that subsurface reflectors are fl at-lying.
Figures 6.5 and Plate 6.1 show the detailed structures and salient lithological features of CESAR 14 and 15 as determined from visual inspection, X-radiographs and initial sedimentological studies. Eleven lithological units (M to A-B) can be discerned, which correspond fairly closely to those described by Minicucci and Clark (1983) ; however, two or three additional units (A l-A3) are present at the base of the CESAR cores; paleomagnetic data (see Aksu, 1985) indicate that these units are up to 0 .5 Ma older than the AB unit (ea. 3. 7 Ma) at the base of the USGS cores from eastern Alpha Ridge (Minicucci and Clark, 1983) .
Unit M in CESAR 14 (Fig. 6 .5) is a foraminifera-rich sandy mud with a distinctive coarse yellowish (10 YR 5/4) carbonate bed at the base. This carbonate layer corresponds to the pink-white layer, PW2, of unit M and M' (in USGS cores), but the overlying soupy mud in CESAR 14 was highly disturbed during coring, and the typical uppermost pink- white layers, W2 and W3, appear only as scattered pebble-to gravel-sized pinkish-brown (10 YR 7/4) clasts. These upper carbonate layers and intervening sandy or silty mud beds may be more clearly seen, however, in CESAR 15 (Plate 6.1) and in several CESAR gravity cores, e.g. CESAR 103 (Fig. 6.6 ).
Unit L is a distinctive light olive-brown (2 .5 YR 5/4), fine sandy mud, which has a darker, slightly mottled silty mud at the top. These features are typical of all the USGS cores. CESAR 14 and other CESAR cores with a well developed unit L , however, show a coarser, greyish sandy base grading upwards to finer sandy silt with 2-4 distinctive thin (2-4mm) grey sand laminae at 5-lOcm intervals. Scattered grey or pinkish carbonate clasts may be present in the upper mottled layer.
Unit K is a dark brown (10 YR 3/3) silty to sandy mud which is heavily mottled at the base and top, and grades in the centre to a sandy bed mottled with grey or pale brown carbonate-rich clasts. This carbonate layer appears to correspond to WI of Minicucci and Clark (1983) but their other subunits K' l and K'2 cannot be discerned in the CESAR cores.
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Unit J is a pale pinkish brown (10 YR 6/3) carbonaterich sandy to silty mud with gradational contacts at the top and base. The coarse pinkish sediment generally corresponds to the PW! layer in the USGS cores (Clark et al., 1980; Minicucci and Clark, 1983) but no overlying white zone appears in the CESAR cores. Instead, there is a wispy, thin (4mm) basal pinkish lamina in CESAR 14, which is overlain by a mottled brown mud layer, then a less mottled greyish mud with a distinctive thin (0.5cm) grey sand lamina, above which is a firm pinkish carbonate layer ea. 4cm thick. A similar sequence is found in CESAR 15, but in other cores , e.g. CESAR 103, the upper carbonate layer is mixed with dark brown mud.
Unit I is a faintly banded brown silty to sandy mud which is gravelly at the base and becomes finer grained towards the top. The banding consists of layers (ea. 5-lOcm thick) of heavily mottled dark brown mud that alternate with lighter brown, sparsely mottled sandy mud containing thin (3-5cm) grey sandy laminae. Unit I in CESAR 14 and 15 differs from unit I of Clark et al. ( 1980) I .
- -·\ - teristic central lighter brown, less mottled, sandy zone with thin grey sand laminae is present. Subunits I' I and 1'2 of Minicucci and Clark (1983) cannot be discerned in the CESAR cores.
Unit H in CESAR 14 and 15 is a reddish-tinged brown sandy mud, with a central layer (ea. 2-3cm) of lighter, less mottled silty mud. It is also characterized by the presence of three thin (4mm) grey sand laminae spaced 2-4cm apart. The basal contact is fairly sharp but the top is heavily mottled and grades into unit I. Subunits Ha through He of Clark et al., (1980) cannot be distinguished in CESAR 14 and 15.
Unit G is a moderately to lightly mottled yellowish to greyish brown silty mud with several thin (3mm) grey sandy laminae. The basal half is generally lighter coloured than the top and the basal contact is gradational, making it difficult to distinguish from unit F in all the CESAR cores. Unit F is characterized by two thin ( Icm) mottled dark brown layers Minicucci and Clark (1983) .
Unit D-E is a banded brown mud with a yellowish , sparsely mottled silty layer (5-IOcm) at the top and base, and a yellowish central band of sandy to gravelly mud. Other darker brown, mottled layers with gradational contacts are also present. Unit E of Clark et al. ( 1980) cannot be distinguished in the CESAR cores; however, unit D-E in CESAR 14 and 15 seems similar to unit DE in the USGS cores from eastern Alpha Ridge (Minicucci and Clark, 1983) . are separated by lighter brown sparsely mottled silty mud. A thin grey sand lamina marks the base of the unit, but other contacts are gradational. This unit is only I0-20cm thick in CESAR 14 and 15, and it is not clearly distinguishable from sandy sections of unit D-E in some CESAR cores.
Unit A-8 is an irregularly banded brown mud, speckled throughout with small black FeMn micronodules. From the base up, the bands consist of alternating yellowish (I 0 YR 514) mottled silty clay which grades upwards to a moderately mottled dark brown (10 YR 4/3) mud, often with sand and rare gravel at the top of the dark bands. The middle section of the unit is a lighter coloured, less mottled silty mud with thin sandy laminae. In CESAR 14 and 15 , this unit appears to be similar to unit AB of the USGS eastern Alpha Ridge cores (Minicucci and Clark, 1983) . In some CESAR cores, however, unit A-8 is not clearly distinguishable from unit D-E .
Unit A I is a dark brown (10 YR 3/3-4/3), moderately mottled, silty clay which is prominently marked by wispy, pale brown (10 YR 6/3), subhorizontal laminae, about 3mm to lcm thick. The dark brown mud is regularly speckled by abundant small black FeMn micronodules. The unit contains occasional gravel, greyish mud clasts, and sandy layers or thin sand laminae. The top of the unit is marked by a sharp transition from the yellowish-brown silty mud at the base of A-8 to the top of a massive dark brown mud unit with thin yellowish laminae at intervals of ea. 5-20cm. The basal contact is marked by a yellowish-brown subhorizontal lamina at the top of ea. 20cm of dark brown mud with coarse yellow mottling.
Unit A2 is a massive dark reddish-brown (5 YR 3/4) silty to sandy mud which is less speckled by FeMn micronodules than unit A I and is conspicuously marked by blotchy or oblique-angled light yellowish-brown (I 0 YR 6/3) structures which resemble burrows ea. lcm thick. The lower half of the unit and the top lOcm are sandy; the middle section is more silty, less speckled by FeMn, and includes greyish sandy layers 2-IOcm thick in CESAR 14 . The base of the unit is marked by a conspicuous increase in relatively large (ea. 0 .5cm) FeMn micronodules at the top of unit A3.
Unit A3 is a very dark brown ( 10 YR 3/3), slightly sandy mud which is conspicuously mottled by relatively large (0.5cm) black FeMn micronodules in addition to abundant small black FeMn speckles. Irregular bands (2cm) or small blotches of speckled light brown mud are occasionally present. The top of unit A3 is marked by a subhorizontal band of greyish dark brown mud with large black FeMn micronodules at the base of the massive dark reddish-brown mud ofunit A2 .
Gravity cores CESAR 102 and 103
These two cores were selected for detailed study because they contain the longest sequences of sediment recovered by the gravity corer. Both cores were obtained from gently sloping areas on the southeast side of the Alpha Ridge graben, at depths of ea. I 500m or more. Only shallow seismic data (3.5 kHz) are available for these sites, but a similar stratigraphy was obtained in CESAR 20 I from the edge of a 73 basin on the north side of the northern Alpha Ridge crest (Fig. 6.1 ) . The seismic profile for this area (see Jackson, 1985) shows smooth, flat-lying surface reflectors at this site, compared to neighbouring sites of CESAR cores 202 and 203 where surface reflectors appear truncated, and shorter gravity cores were obtained. Figure 6 .6 shows the detailed structures and salient lithological features of CESAR 103, the longest gravity core; Figure 6 .7 depicts the lithofacies and marker beds in CESAR I 02, I 03 and all other gravity cores containing more than 5cm of sediment. The magnetochronology, foraminiferal biostratigraphy, and palynostratigraphy of CESAR cores 102 and 103 are described by Aksu (1985a,b) and Mudie (1985) respectively. The main lithostratigraphic characteristics of the gravity cores are outlined as follows.
Unit M in core 103 consists of ea. 28cm of dark brown ( 10 YR 3/3) soft mud which is variably mottled or banded by pinkish (2.5 YR 6/4) to yellowish-brown (10 YR 7/3) carbonate-rich "hardground" layers. At the surface (0.2cm) there is a soupy, foram-rich , dark brown mud layer which coarsens downwards to mud with scattered carbonate hardgrounds and much lower foram concentrations. This carbonate layer probably corresponds to the W3 subunit of the USGS cores (Minicucci and Clark, 1983) . From ea. 4-9cm, there is a greyish (5 YR 5/3) sandy mud layer with dark mottles and low foram concentrations. From 9-ca. 22cm, there is a layer of heavily mottled, foram-rich , dark brown (10 YR 3/3) silty mud with scattered small ( < lcm) pinkish hardgrounds.
These pinkish clasts are most conspicuous in the middle of this dark layer and may correspond to the W2 subunit of the USGS cores; in general, however, there is no distinctive whitish W2 carbonate layer in the CESAR cores. At ea. 22cm in CESAR 103, the dark brown mud is interlayered with large pinkish (I 0 YR 7 /3) semiconsolidated carbonate-rich clasts which increase in size towards the base at ea. 28cm. This layer clearly corresponds to the PW2 subunit of the USGS cores. It also corresponds to an interval over which foram concentrations decrease greatly.
Similar lithological sequences are easily recognised in unit M of CESAR 102, 201, and 210, all of which are from water depths of ea. 1500m or more. In these cores, unit M varies in thickness from 41cm in CESAR 210 to 37cm in CESAR 102. The main differences among the cores appear to be in the thickness (10-20cm) of the mottled brown mud containing the ?W2 layer; however, the sandy mud is also thicker (lOcm) in CESAR 210, and the PW2 layer ranges from ea. 8cm in CESAR 103 to 12cm in CESAR 102 and 210.
Unit L in CESAR 103 consists of about 35cm of light brown (10 YR 5/3-4/3) to olive (2 .5 YR 5/4) silty or sandy mud which has a distinctive mottled brown band at the top and a dark brown layer with thin (ea. 2cm) greyish sandy laminae and scattered gravel below 50cm; the contact with unit M is gradual. The top of the upper mottled band contains relatively low foraminiferal concentrations which increase downwards in the mottled layers to ea. 35cm; from here to the base of the unit, however, foraminifera are rare or absent. The base of unit Lin CESAR cores 103 and 102 is sharply defined by a greyish, coarse sandy layer overlying the dark brown, mottled carbonate-rich mud layer at the top of unit K. From the base of unit L up to core depths of 35cm in CESAR I 03 and ea. 46cm in CESAR 102, there is a fining-upward sequence of dark yellow ( 10 YR 4/4) sandy layers (2-6cm thick) alternating with thinner (ea. !cm) silty layers, followed by a lighter brown slightly mottled silt layer ea. 6cm thick, then unmottled olive-brown fine sandy silt.
In the 4 gravity cores containing a complete unit L, the thickness of this unit ranges from 26-44cm; in the piston cores, the thickness of unit L ranges from 15-31cm. This difference is probably partly due to greater compaction in the piston cores, but in both piston and gravity cores, the unit appears to be thinner and less well differentiated at shallower (< I 500m) sites. This feature requires further study in order to understand the depositiona l orgin of unit L.
Unit K in CESAR 103 consists of ea. 20cm of dark brown mud with 5-7cm of heavily mottled silt at the top and base, and a lighter brown, sandy middle section containing greyish patches and rare carbonate-rich clasts. Foraminifera are abundant in the top layer but they decrease substantially towards the base. The base of unit K is marked by a greyish sandy layer, but it is not sharply distinguished from the top of unit J. The grey carbonate-rich clasts in the centre of the unit may correspond to the WI layer of the USGS cores , but none of the CESAR cores show the distinct whitish band described by Minicucci and Clark ( 1983) .
Unit J in CESAR 103 consists of ea. 14cm of mottled yellow-brown sandy to silty mud with pinkish carbonate-rich mottles at the top and a distinctive thin (!cm) pinkish-yellow layer at the base. As in unit K, the top mottled layer is rich in foraminifera, but they become very sparse below the 90cm level which is marked by a thin (lcm) grey sand layer. The pinkish carbonate layer at the base corresponds to the PW I marker in the USGS cores.
Unit I in CESAR 103 consists of 26cm of brown mud with greyish ( 10 YR 3/3) sandy layers 2-8cm thick which tine upwards to dark brown (10 YR 4/3) heavily mottled silty layers. Foraminifera are rare in thi s unit which appears to be very similar to the top of the much longer (36-80cm) unit I found in CESAR piston cores.
Correlation and paleoenvironmental interpretation
Figures 6. 7 and 6.8 show that the lithological units in most of the CESAR gravity and piston cores can be correlated over the 3600km 2 area covered by CESAR, despite the wide range in water depth (2150-I I 80m) and the differences in bottom topography at the core sites. Magnetostratigraphic data for CESAR cores 14 , 102 and 103 (Aksu, I 985a) indicate that the boundary between the Brunhes and Matuyama magnetochrons lies in unit K. The generally accepted age of this boundary is 0.73 Ma (Harland et al., 1982) . If a constant sedimentation rate is assumed for those cores containing units M-K , it can be estimated that sedimentation rates during the past 0 . 73 Ma are between 0. 77 and l.2mm per Ka. These values agree well with the mean sedimentation rate of I .17mm. -1 Ka obtained for non-turbidite Late Pleistocene 75 deposits in the USGS cores from Alpha Ridge and Chukchi Rise (Minicucci and Clark, 1983) .
In general, the top sections (units M-1) of the CESAR cores and the USGS cores from Alpha Ridge show a simi lar succession of bioturbated, foram -rich carbonate muds alternating with less bioturbated silty-sandy intervals containing relatively few foraminifera. Clark et al. ( 1980) interpret the silty muds as representing intervals of sea ice sedimentation corresponding to glacial maxima; the sandy muds, including carbonate-rich layers, are considered to represent intervals of sediment deposited by sea ice and icebergs during warmer climatic stages. Glacial-marine sediment transport is the most reasonable explanation for the very widespread occurrence of these correlatable lithologies in the Canada Basin and for the presence of coarse material of non-local origin on the Alpha Ridge during the past I Ma. However, further sedimentological study is required in order to provide a more definite interpretation of the factors responsible forthe forampoor carbonate hardground layers and the unproductive sandy mud facies of units Land I. Palynomorphs in unit L (Mudie, 1985) suggest increased ftuvial input during this interval.
Chronostratigraphic correlation and paleoenvironmental interpretation of units H to A3 in the CESAR piston cores is presently much less certain than for the upper Pleistocene units, M-1. This is due to several factors: i) difficulty in defining the boundaries and distinguishing between the lithologies of the sandy units H, F and C which are the primary means of delineating the tops of silty mud units G, D-E and A-B; ii) in CESAR cores 2, 4-7 and 11 , there are either large hiatuses due to coring disturbance or due to interval s of nondeposition in sediments above unit A-B; iii) ftow-in and other coring artifacts, such as re-entry of the corer at the seabed, have disturbed the primary structures in the lowest parts of several cores. For example, pinkish carbonate clasts with abundant planktonic forams are present up to 75cm above the bases of CESAR 8, 10 and 11, in sharp contrast to typical siliciclastic mud of units A l-A3 which usually contain only thin layers of arenaceous forams. The summary data (Table 6 .2) for unit thickness in the CESAR piston cores, however, can be used in conjunction with seismic reflection data (Jackson, 1985) to draw some tentative conclusions about older Late Cenozoic sediments on Alpha Ridge.
I . The sandy-gravelly muds of units H, F and C are relatively uniform in thickness and contain coarse sediment that could only have been transported to the Alpha Ridge by ice during intervals of extensive continental glaciation. Paleomagnetic data (Aksu, 1985a) indicate that unit C approximately corresponds to the Pliocene-Pleistocene boundary (ea. 1.8 Ma). (Mudie, 1985) also indicate a Late Miocene to Early Pliocene age for the base of this core.
3. Several of the lithofacies below unit F contain beds of graded sediment ea. 10-20cm thick. The relatively uniform thickness of the units in cores from different topographic settings, however, combined with the ubiquitous presence of bioturbation and apparently authigenic ferromanganese micronodules, indicates that the thick pre-Pleistocene brown mud units are not gravity flow deposits but were laid down slowly in an oxidizing sedimentary environment.
4. Units A2 and A3 contain thin beds of well preserved deep-water arenaceous foraminifera which alternate with layers of corroded planktonic forams and poorly preserved arenaceous foraminifera. This suggests that the southeastern Alpha Ridge was not continuously covered by ice during the Pliocene but that cyclical paleoceanographic changes regulated the productivity and/or preservation of biogenic material. Palynological data (Mudie, 1985) suggest some aeolian transport of fine sediment from regions of subartic vegation, but there is little evidence for increased fluvial sediment transport to the Alpha Ridge during the early Pliocene.
5. Despite the relatively shallow water depth ( l 500m) of most of the CESAR piston cores, there is a remarkable Herman (1983) considers that these unfossiliferous sediments reflect productive subarctic waters with a very shallow lysocline which inhibited preservation of calcareous microfossils, as presently found in Baffin Bay (Aksu, 1983) . Holocene sediments in Baffin Bay, however, are very rich in diatoms and dinoflagellates (Mudie and Aksu, 1984) , whereas the Alpha Ridge sediments are relatively unproductive. This difference can probably be explained by: i) a much slower sediment accumulation rate in the Arctic Ocean (2mm.Ka-1 compared to 20mm.Ka-1 in Baffin Bay); and ii) lower influx of humic organic material to the Alpha Ridge area. Slow sedimentation would mean long exposure to oxidizing silica-depleted bottom water, hence the dissolution of thin-walled planktonic siliceous microfossils and the oxidation of organic matter, including palynomorphs. Low influx of humic acids due to infrequent transport of terrigenous debris by ice or meltwater would also suppress dinoflagellate productivity. Future studies of sand grain surfaces, clay mineralogy and the provenance of clasts in the Tertiary lithofacies are required, however, before the existence of an extensive ice-cover (Clark, 1982) can be dismissed as a possible cause of the unproductive Early Pliocene muds in the Artie Ocean.
Introduction
CESAR 6 (Plate 2) was recovered from a water depth of 1365m on the south side of the northern crest of Alpha Ridge, at latitude 85°49.8'N, longitude 109°09 .2'W. Shallow seismic reflection profiles near this site (Fig. 6 . 9) show that the core site is located on a fault block where a prominent subsurface reflector lies very close to the seabed. West of the core site, a fault line appears to mark the edge of the Alpha -Ridge graben, and chaotic reflectors suggest the accumulation of massive slump-block and debris-flow sediments on the side of the trough below the site of CESAR 6. Figure 6 . 10 illustrates the salient lithological characteristics and sediment structures in CESAR 6. The core catcher recovered about 12cm of very soft, olive-grey to yellow-brown siliceous mud, containing common unweathered quartz sand and thin, bubble-wall, glassy volcanic shards. Traces of laminated structure are indicated by crumbly blocks of firm , light olive siliceous ooze containing thin (2-5mm) continuous layers of light brown mud. Silicoflagellates (Bukry, 1985) , diatoms and palynomorphs (Mudie, 1985) 
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siliceous ooze. Bulk samples , however, contain rare specimens of very well preserved Neogloboquadrina pachyderma (identified by W. H. Berger and G. Keller) which has an age range of Miocene-Recent, thereby indicating that the corer probably bounced on the seabed and dragged in some surface mud prior to penetration and triggering of the piston. Some yellowish sediment also washed out from the core base on removal of the catcher (see Fig. 6 . 3 for reconstruction of sediments cored at Site 6).
The core liner of CESAR 6 retained 305cm of sediments, including 4 visually distinctive lithological units. Unit l (0-99cm) is a soft brown (10 YR 4/3) silty to clayey mud, irregularly mottled with yellowish-brown (10 YR 5/4) streaks. Occasional silt to fine sand laminae or scattered coarse sand and rare gravel are present. Small to large (0.5cm) black FeMn micronodules occur below 30cm. Microfossils are very rare and are mostly poorly preserved, including biogenic silica fragments, rare highly oxidized pollen and rare foraminifera. At present this unit cannot be dated with certainty but its appearance, mineralogy and microfossil content is very similar to units A2 and A3 of CESAR core 14, which are of Late Miocene-Early Pliocene age. Rare palynomorphs from the base of unit I (Mudie, i <!ESAR 83-8 Figure 6 .9 Seism ic reflection profile of the northern Alpha Ridge crest, showing sediment thickness and the tectonic setting of the CESAR 6 core site (CESAR 83-6). Horizontal distance from CESAR 83-q to CESAR 83-8 is about 8km .
CESAR CORE 6
Plate 6.2
Photographic log of sediments in CESAR 6, showing the distribution of lithological units 1to4. Vertical scale divisions are in centimetres; note that the numbers at the base of core section 2 (top of column 3) are offset by 3cm -the base of section 2 is at 167.5cm core depth and there is no sediment missing between sections 2 and 3. 1985) have a Late Cretaceous to Paleogene age but their dark colour suggests they are reworked. Palynomorphs from a bulk sample of surface sediment at site 6 (see Fig. 6.3) indicate a Late Miocene-Pliocene age. The presence of mica and vermiculite in the fine sand and silt-to clay-size fractions of unit I, and common silt-sized pyroxene suggest an origin from highly weathered volcanic rock, probably including the exposed flanks of the northern Alpha Ridge Crest.
Unit 2 (99-11 lcm) is a hard grey (5 YR 6/2) silty clay, with sharp but irregular contacts with units I and 3. Thin (2-4mm) fractures cut these contacts (probably due to coring disturbances) and are infilled with brown mud. No microfossils or palynomorphs have been found in this unit, and its age is presently unknown. Most of the sediment consists of fine silt-to clay-sized feldspar which is aggregated into sandsized soft pellets. The mineral composition, in situ colour and texture of this unit suggest that it is a volcanic ash deposited in an oxygen-poor environment. Some colourless volcanic glass is also present (see Fig. 6 .10), and rare grains of garnet.
Unit3 (I I l-127.5cm) is a hard reddish (2.5 YR4/8) silty mud with traces of irregular, alternating lighter (10 YR 7/6) and darker (10 YR 5/6) laminae (0.5-2cm thick) from 1ll -ll8cm and at the base. The rest of the unit is highly mottled, ranging from small (0.5-Icm) dark brown streaks or black speckles to large (5 x 4cm) dark brown patches with black inclusions. A sharp but irregular contact separates units 3 and 2, and a reddish brown lamina at the base visually suggests a sharp contact at the top of unit 4. However, it is possible that this lamina and the contorted grey and light brown bands of soft sediment from 127.5-133.5cm in unit 4 are part of a gradation from units 3 to 4. Most of the sediment in unit 3 consists of iron-stained, silt-sized feldspar which is loosely aggregated into coarse sand-to granule-sized pellets, the largest of which show faint laminations. Opaque minerals are common, and brown volcanic glass is present. No microfossils or well-preserved palynomorphs are present, therefore the age of this unit is uncertain. The deformed laminae at the top of unit 4, however, show a gradient from occasional wellpreserved Late Cretaceous silicoflagellates at 134-130cm to rare fragments at 127-129cm. Some pollen and spores from 127-129cm and 134-136cm have a Paleogene age range (Mudie, 1985) suggesting that the base of unit 3 is not much younger than Late Cretaceous. The mineral composition, colour and structure of unit 3 suggest a volcanic ash deposit similar to that of unit 2 but with oxygen-rich bottom water and a higher influx of ferric hydroxides accounting for the redder colour and higher ferromanganese content (P. Stoffyn, personal commmunication, 1984 ) .
Unit 4 (127 .5-305cm) is a soft, laminated, siliceous ooze which contains complex and variable sequences of laminations and microstructures. Most of the unit consists of uncompacted diatomite with a siliceous microfossil content of 80-95%. The lithology, mineralogy and microstructures of unit 4 are described in detail in the next section of this report and the paleomagnetic record of the entire core is described by Aksu (l 985a). Bukry (1985) and Barron (1985) document the taxonomy and biostratigraphy of silicoflagellates and diatoms, respectively. Palynomorphs, which are rare in all but the core catcher sediment of CESAR core 6, are 81 described by Mudie (1985) . The combined data establish the following facts for CESAR core 6 , unit 4. I . The siliceous ooze is a biogenic marine deposit of Late Cretaceous age, no older than Late Campanian (ea. 73-78 Ma on the time scale of Harland et al., 1982) .
2. The paleomagnetic inclination predominantly records a reversed polarity interval, which means that the section was probably not deposited during the Cretaceous "Quiet Interval" (Anomaly 33, from ea. 79-72.5 Ma); therefore, the unit is most likely younger than 73 Ma.
3. The very low concentration of terrigenous elastics in the laminated sediment establishes that the core site must have been isolated from continental sediment sources.
4. The absence of diagenetic alteration of siliceous microfos si l~ from Opal-A to Opal-CT in most of unit 4 establishes that the Cretaceous sediment in CESAR core 6 was never subjected to prolonged heating (>35°C; Siever 1983) or deep burial (>400m; Isaacs 1981).
5. The absence of large-scale sorting and rare breakage of delicately spined siliceous microfossils makes it highly unlikely that unit 4 is a turbidite, gravity flow or slump deposit, although microscale crossbedding and grading features suggest intermittent interval s of current sorting and influx of fine grained turbidites. The complete absence of calcareous microfossils or calcite in unit 4 is unique among all reported laminated siliceous sediments, especially compared to regions of nutrient upwelling where high primary productivity accounts for high rates of biogenic siliceous sediment accumulation.
The apparently unique nature of the Alpha Ridge laminated biosiliceous sediment makes it very difficult to determine what kind of paleoenvironment the Arctic Cretaceous sediments represent. Other short cores of siliceous sediment from the flanks of the southern crest of Alpha Ridge have been interpreted as slide blocks (Clark, 1977) or in situ deposits (Kitchell and Clark, 1982) of pelagic biosiliceous sediment that indicate seasonal very high productivity in a warm Cretaceous-Paleogene Arctic Ocean. Laminae in these cores were not well preserved, however, and this hypothesis must be re-examined in light of the new data on sediment structure, microfossils , palynology, geochemistry, and the paleomagnetic record of the laminated sediments in CESAR 6.
Fine structures and composition of the laminated sediment
The laminated sediments in unit 4 of CESAR 6 can be grouped into 3 subunits based on differences in gross structure and orientation of the laminae. From the base up, the following subunits are distinguished.
Subunit C (305-296cm) This consists of a group of greyish-hued (5 YR 5/2-5 YR 6/3) discontinous laminae which dip at a 30° angle, mostly have indistinct contacts and a mottled appearance, and rarely contain FeMn " micronodules" (small clusters of black particles with a high Fe and Mn content). Subunit B (296-/67cm) This consists of very regular, thin (2cm) pale yellow (5 YR 7/4) to olive (5 YR 5/4) or brown (10 YR 5/6) laminae which dip 10-20° in the opposite direction to subunit C, often have sharp contacts , and are frequently speckled by small (2-4mm) FeMn "micronodules" which often occur as short bead-like chains.
Subunit . From the base upwards , this unit consists of the following sequence: i) 8cm of olive (5 YR 5/4) to brownish-yellow (10 YR 6/6) irregular laminae with mostly graded contacts and a faintly crossbedded structure; ii) ea. 12cm of lighter (5 YR 6/2-6/4) laminae with sharpish bases, variable thickness (from 0.5-3cm) and irregular orientation due to areas of slip-strike displacement (ea. 2 cm) along microfaults; and iii) a 20cm section of thickish (2-3cm), light olive (5 YR 6/2) to dark yellowish-brown ( 10 YR 3/4) mottled laminae which are primarily flat-lying but become strongly deformed in the top 7cm. FeMn mottles or streaks are common throughout this subunit.
Very detailed, lamina-by-lamina textural, mineralogical and geochemical studies are required to understand the nature and probable causes of these meso-and micro-scale changes 82 in unit 4. Preliminary studies have been carried out for selected samples, using smear slides, organic matter (CHN) analysis (Table 6. 3), scanning electron microscopy (SEM), Energy Dispersive System (EDS) element analysis and visual inspection of the coarse ( 125µm) sediment fractions. The main results are described below.
Subunit C (305-296cm).
Studies of light and dark lamina couplets from 305cm and 301.5-304cm show that: 1) Light and dark laminae differ mainly in the larger amount of iron oxyhydroxides and bone fragments present in the dark laminae (see Plate 6 .3, fig. land 2; Plate 6.4, fig. 1 ).
2) There is no conspicous difference in silicoflagellate or diatom composition between light and dark laminae within the subunit.
3) There are no conspicous differences in preservation state of siliceous microfossils between light and dark laminae, although there are more brown-stained Coscinodiscus with thin coatings of Fe in the dark laminae (see Plate 6.4, fig. 3, 5 and 6) .
In general, thin rod-shaped biosiliceous fragments are much more abundant in subunit C than elsewhere in unit 4. The siliceous rods appear to reflect the frequent occurrence of Rhizosolenia cretacea, presence of several Lyramula species in addition to ubiquitous Lyramula defiandrei, and perhaps (not yet confirmed), the presence of sponge spicules. The top of the subunit corresponds to the last occurrences of Lyramula minor, Lyramula porta and Lyramula spp. (see Bukry, 1985) , the last occurrence of Coscinodiscus symbolophorus, and a change from common or frequent Rhizosolenia cretacea and Hemiaulus polymorphus v. frigida to very rare occurrences (see Barron, 1985) . Ferromanganese "micronodules" are very rare and small ( <20µm) throughout the subunit, whereas larger, dark brown grains of iron-stained apatite (CaP0 4 ) are relatively common, some irregular shaped CaS0 4 particles are present, and some siliceous microfossils show patchy overgrowths of CaS0 4 (Plate 6.4, fig. 5 ).
It is not clear if the changes at the top of subunit C represent an unconformity or disturbance during coring. The laminae at the bottom of subunit B are strongly bowed upwards , suggesting partial flow-in which might account for the rare occurrence of Lyramula furcula at 290-292cm, but most of the diatom species are the same in subunits C and B. In general, it appears more likely that the subunits represent a change in frequency of clay and iron-rich mineral influx, and a change in sediment bottom water chemistry as indicated by the more common occurrence of FeMn deposits in subunit B.
Subunit B (296-167cm) . Despite the ostensibly regular appearance of laminae in this subunit, detailed study reveals complex and variable microstructures which make it difficult to characterize either dark-light laminae couplets or lamina sets. This difficulty is due to 3 main factors: a) colour changes cover a spectrum from sharply defined couplets of very dark and very light laminae to graded sets in which the colour changes gradually from darker to lighter and back to darker (see Plate 6.2); b) X-radiograph microstructures (Plates 6.5 to 6.8) mostly do not correspond directly to conspicuous differences in lamina colour; and c) there are no obvious differences in microfossil concentrations, size, shape or species composition between light and dark laminae.
In order to try and discern repetitive patterns in the rhythmites of subunit 48, laminae were mapped on a millimetre by millimetre scale from colour photographs, using different colours to characterize brown ( 10 YR 5/6), olive (5 YR 5/4) and pale yellow (5 YR 4/4) laminae. This procedure revealed 5 categories of lamina sets which correspond to 5 of 10 lamina types described in the literature on laminated siliceous sediments (Fig. 6.11 ). Fourofthese categories correspond to units in chert beds studied by Iijima and Utada (1983) ; for convenience these are referred to here as 'single layered', ' triple layered', 'laminar' and 'striped'. The fifth category corresponds to turbidite-derived rhythmites described by Nisbet and Price (1974) which are referred to here as 'cross-stratified' . Using the symbols shown in Figure 6 . 11, the distribution of the rhythmite units from 288-160cm in subunit 48 is mapped in Figure 6 .12 and 6.13. The major features revealed by the maps are outlined as follows.
1. There is a gradual change from a prevalence of striped (8-type) and single (a-type) beds in the lower one-third of subunit 48 (289-250cm, Plate 6.5), to a prevalence of triplelayered ([3-type) and laminar (A.-type) beds in the middle section (250-ca. 18lcm , Plate 6.6), and a prevalence of crossbedded sets at the top of subunit B (181 -167cm, Plate 6.7). The change in prevalent lamina type at 250cm roughly corresponds to the boundary between silicoflagellate zones A3 and A2 described by Bukry (1985) , with Vallacerta siderea dominating alone in A3 and Lyramula burchardae becoming co-dominant with Vallacerta siderea in the upper (A2) biostratigraphic unit.
2. The striped beds (8-type) range in thickness from 5-7cm at the base of the subunit (e.g. Plate 6.5, 289-275cm) to 2cm above 250cm-depth. Below 250cm, each bed is characterized by a brown lamina at the base which grades to, or is abruptly followed by a series of 5-7 alternating pale yellow and olive laminae, with either sharp or wispy contacts. X-radiographs show that the brown laminae correspond to relatively fine grained muddy layers , which often show very faint lighter and darker silt-clay couplets (ea. 2mm thick) and sometimes have a sharply defined dark-light couplet at the base. The yellow and olive laminae are either structureless, or they contain wispy light-dark microlamina couplets (ea. l-2mm thick) with graded, or rarely, sharp contacts. Smear slides indicate that the brown laminae contain more clay-size particles than the pale laminae; the latter contain abundant large floes of biosiliceous material and many cylindrical diatoms.
3. The single beds (a-type) range in thickness from ea. 4-lOmm; X-radiographs (Plate 6.5, show that they are mostly weakly graded, with a sharp, thin (Imm) light-dark microlamina couplet at the base or top.
4. The triple-layered beds ([3 -type) range in thickness from ea. l -2cm and are characterized by a brown lamina at the base and top, both of which grade to pale yellow or olive in the centre. show that the brown laminae are muddier, with wispy dark-light microlamina couplets ea. Imm thick; the light coloured laminae contain denser sediment and wispy microlaminae 2-3mm thick. Smear slides, EDS analysis, and SEM studies (Plate 6. 9) show that the brown and olive-brown layers contain common sand-size particles of CaP0 4 (probably bone) and clay-size particles containing Fe and Al in addition to abundant biosiliceous material. The white layers contain bone fragments but clay and metallic minerals are rarely detectable in the biosiliceous sediment (P. Stoffyn, personal communication, 1984 ) . Large floes of biosiliceous material are common in the white laminae (Plate 6.9, fig. 1 ). In both light and dark laminae, fine grained particulate FeMn occurs in patches resembling small burrows. Overgrowths of Mn were found on some diatoms (Plate 6 .9, fig. 8 ).
5. The laminar beds (A.-type) in subunit 48 range in thickness from 2-lOcm, and consist of sets of 3-10 alternating dark and light layers with sharp contacts. The dark-light pairs are variable in thickness , ranging from a thin (Imm) dark lamina and thicker (4mm) white lamina to dark-light layers each of which is ea. 1 cm thick. X-radiographs (e. g. Plate 6 . 7, 206-l 98cm) indicate that the brown laminae contain more clay than the light laminae, and they show wispy dark-light microlamina couplets, ea. 2mm thick. The denser, lightcoloured laminae are unstructured and faintly mottled or show very wispy microlaminae. Smear slides (Plate 6 . 10) show that there is very little difference in the microfossil content of the dark and light laminae.
6. The cross-stratified sets (x-type) resemble those characterizing turbidite-derived laminated beds in the Neraida chert member of the Agrilia Formation in Greece (Nisbet and Price, 1974 ), but they do not always show a distinct structureless sandy silt layer at the base. In unit 4, each set usually consists of a basal muddy brown lamina l-2cm thick which is faintly parallel laminated in X-radiographs (e.g. Plate 6.7, 178-167cm), followed by 1-2 cm of 20-30° dipping cross laminae. These beds are cut by a parallel laminated muddy brown layer at the top, followed by a structureless light-coloured lamina of biogenic silica.
Subunit A ( 167-127.5cm ). Cross-stratified laminae similar to those described above are found from 167-159cm. From 159 to 153cm, the laminae are generally sharp-based and have graded contacts between light and dark couplets. From 153-134cm, distinct laminae cannot be delimited although wispy, thin light-dark couplets can be seen in Xradiographs (Plate 6. 8). Subparallel, elongated mottles rich in FeMn also become conspicuous in this interval which corresponds to the top silicoflagellate zone (A 1) of Bukry (1985) . The top of subunit A (Plate 6 .8) is marked by relatively thick (2-3cm), heavily mottled laminae with scattered, well-preserved, small fish bones. Traces of microlamina couplets can be seen in places. No identifiable microfossils are present above 132cm core depth; however, palynomorphs are fairly common, and clay minerals and iron floes increase in frequency. Kitchell and Clark (1982) and Clark (1977) have postulated that the Alpha Ridge biosiliceous deposits reflect seasonally high productivity in a warm ocean with wind-driven cyclonic circulation and polar upwelling. According to Barron ( 1985) , this hypothesis now is further supported by lack of evidence for major diatom evolutionary changes in the CESAR laminated sediments, which may indicate that a relatively short time interval and high rate of deposition is represented. However, the low diversity of siliceous microfossil species and present sparse knowledge of Cretaceous high latitude marine floras makes this judgment difficult to evaluate (see Bukry, 1985) . The problem is further confounded by evidence for strong provincialism in the Late Cretaceous-Paleogene marine flora and fauna (Marincovich, et al. , 1983 ) . Furthermore, the upwelling hypothesis suffers greatly from the remarkable absence of calcareous microfossils and dinofl.agellates, both of which are normally associated with high organic productivity and seasonal upwelling. The presence of penecontemporaneous foraminiferal and dinoflagellate deposits in the Kanguk Formation of the Canadian Arctic Islands (Miall, 1979; Plauchut and Jutard, 1976) seems to eliminate the likelihood that the absence of these microfossils in Alpha Ridge sediments was due to their lack of occurrence in the Cretaceous Arctic Ocean. A more likely explanation seems to be that the Alpha Ridge depositional environment was unfavourable for the preservation of calcareous and organic-walled microfossils.
Paleoenvironmental interpretation
Plate 6.4 (opposite)
Scanning electron microscope (SEM) photog raphs of minerals and siliceous microfoss ils in a brown lamina in subunit C (302.5cm) or a white lamina in subunit B (211cm) of CESAR 6. SEM photos by B. Deonarine, AGC. Plate 6.5, 6.6, 6.7 and 6.8
Photoprints of X-radiographs of CESAR 6, split core halves. 247-305cm core depth; vertical wedges from 290-305cm are probably flow-in features .
Plate 6.6
251-207cm core interval.
Plate 6.8
154-108cm core depth; photo on right was taken with a short exposure time to emphasize fine laminae below 135cm; photo on left was exposed longer to emphasize medium density sediment components, e.g. the fish vertebra at 130cm. 6 .11 for lithological description). Greek letters refer to types of lamina beds described in the text; arrows indicate grading .
•)graded Berger and Winterer (1974) have presented strong arguments to the effect that absence of calcareous microfossils in deep sea sediments almost invariably indicates one or more of the following conditions: a) deposition below the CCD (calcite compensation depth) which ranges from ea. 1-4km in the present global oceans; b) lack of calcium supply; c) postdepositional dissolution. With regard to CESAR 6, the high proportion of diatom resting spores in unit 4 implies a (183-188cm) and the base of subunit C (167-160cm). CESAR 6 (see Fig. 6 .10 for lithological description). Greek letters refer to types of lamina sets described in the text; arrows indicate grading .
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relatively shallow water, upper continental slope or offshore bank environment (Barron, 1985) , and this interpretation is further supported by the similarity of diatom taxa (Vincent et al., 1983) and silicoftagellates (Bukry, 1981) in the Kanguk Formation of the Canadian Arctic. If primary productivity was extraordinarily high and calcium supply was also limited, it is possible that the Cretaceous CCD was shallower than 1365m (present water depth of CESAR 6) in the Arctic Basin. However, the common presence of calcium phosphate deposits in the CESAR 6 rhythmites argues against an inadequate supply of calcium, especially if seasonal upwelling were to take place. The absence of arenaceous foraminifera is also inconsistent with a productive boreal marine environment. This leaves postdepositional dissolution as the most likely explanation for the lack of calcareous microfossils.
The possibility of postdepositional calcite solution is given further weight by a) presence of CaS0 4 crystals in some laminae, b) the common occurrence of FeMn particulates which indicate an intermittently oxidizing environment, and c) the presence of Fe-infilled foraminiferal linings in some samples (see Mudie, 1985) . Slow oxidation of FeS in the presence of oxygen is known to cause dissolution of both calcareous and agglutinated foraminifera (Schnitker et al., 1980) . Prolonged oxidation would also account for the destruction of dinoftagellates and other palynomorphs, hence accounting for their rare occurrence in the laminated sediment of CESAR 6, whereas a shallow CCD would not explain this feature.
In conclusion, the combined evidence from sediment structure, texture, microfossils , palynomorphs and limited geochemical data point towards the likelihood that the Cretaceous depositional environment of CESAR 6 was a shallow water offshore basinal environment in a marginal sea, analagous to the Upper Triassic bedded chert deposits in the forearc basins of the Japanese Islands (lijima and Utada, 1983) . Sedimentation rates in these Triassic basins (after decompaction of the cherts) was high: ea. IOmm/ 1000 yrs. A similar sedimentation rate for Alpha Ridge would mean that unit 4 represents an interval of about 150,000 years. This small amount of time, however, is not in accord with the palynostratigraphy (see Mudie, 1985) or with the paleomagnetic record for CESAR 6 (see Aksu, 1985a) , both of which suggest a time-framework of several million years. Hence, it seems more likely that primary productivity and biogenic sediment accumulation in the high latitude (ea. 75°N) Late Cretaceous Arctic Ocean was much lower than in the Pacific island-arc region. Furthermore, according to Berger and Roth (1975) , biosiliceous deposits intercalated with phosphatic fossils and apatite indicate low fertility oceanic conditions. Slow deposition in a nutrient-poor, offshore basinal environment, with intermittent influxes of metallic minerals from the Alpha Ridge crest, presently best accounts for the absence of foraminifera, radiolarians and dinoftagellates in the laminated sediments of CESAR 6. Plate 6.9
Scanning electron microscope (SEM) photographs of minerals and siliceous microfossils from laminae between 205 and 211cm depth in CESAR 6. SEM photos by B. Deonarine, AGC. 
